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Fuzzy inference system (FIS) 
a b s t r a c t 
In this research study, a magnetic nanocomposite consisting of the Fe 3 O 4 nanoparticles immobilized on 
Myrtus Communis -derived activated carbon (MM-AC) was synthesized and then, characterized by FE-SEM 
and FT-IR analytical methods. The results showed that the sizes of the Fe 3 O 4 nanoparticles were about 
54 nm, and the changes in the intensities of the major peaks were associated with the binding process. 
The adsorption efficiency of the MM-AC was evaluated for Pb (II) removal from aqueous solutions. The 
effective parameters such as pH, adsorbent dosage, contact time and initial metal ion concentration were 
optimized to reach maximum Pb (II) removal efficiency (%). The equilibrium amount of Pb (II) adsorbed 
onto the MM-AC suggested that the removal of Pb (II) followed Langmuir model. The kinetic studies on 
the removal of Pb (II) revealed that the adsorption process obeyed pseudo-second-order kinetic model. 
The maximum Pb (II) removal efficiency by the MM-AC was obtained at pH = 5. The adsorption capacity 
of Pb (II) onto the MM-AC changed from 88.65 to 480.90 mg/g by increasing the initial concentration 
of Pb (II) in the range of 10 0–40 0 mg/L. The comparison of maximum monolayer adsorption capacity of 
the MM-AC with other adsorbents reported in the literatures for removal of Pb (II) indicated that the 
MM-AC had better removal efficiency. In order to predict Pb (II) removal efficiency, a methodology based 
on fuzzy inference system (FIS) including multiple inputs and one output was developed. Four input 
variables namely pH, contact time (min), adsorbent dosage (g), and initial concentration of Pb (II) were 
fuzzified using an artificial intelligence-based approach. A Mamdani-type of fuzzy inference system was 
applied to implement a total of 18 rules in IF-THEN format along with a fuzzy subset consisting of a 
combination of Triangular and Trapezoidal membership functions in eight levels. The max-min method 
was employed as fuzzy inference operator, while defuzzification process was conducted using the center 
of gravity (COG, centroid) method. The achieved coefficient of determination value ( R 2 > 0.99) confirmed 
the excellent accuracy of fuzzy logic model as a trustworthy prediction tool for Pb (II) removal efficiency. 
The overall results suggested that the developed material can be employed as an efficient adsorbent for 
Pb (II) removal from polluted aqueous solutions on a full-scale operation. 















In recent years, water pollution among other environmental
ollutions has become one of the major problems in the world
hat must be controlled and reduced. By developing different
ndustries such as microelectronics, metallurgical, battery manu-∗ Corresponding author. 
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f heavy metals such as cadmium, chromium, copper, lead, mer-
ury, nickel and arsenic are released into the environment. These
eavy metals can be entered into surface water and groundwater
y wastewaters and subsequently into the human body through
ifferent chains [1,2] . Among all the heavy metals, lead is one
f the most toxic metals that can affect on the whole body and
amage the central nervous system, kidney, liver and reproduc-
ive system. Due to its toxic effects and according to the Worldights reserved. 
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T  Health Organization (WHO), the maximum permissible limit of
lead in drinking water is 0.1 mg/L [3] . There are various methods
such as reverse osmosis, chemical precipitation, adsorption, co-
precipitation, membrane processes, ion exchange, photocatalysis,
chemical oxidation/reduction, electrodialysis and ultra-filtration
for wastewater treatment before discharging into the environment
[4–6] . Considering the higher performance and ease of use, ad-
sorption method is introduced as one of the widely used methods.
In this method heavy metals are superficially adsorbed onto the
surface of adsorbents, which are insoluble in water. The simplicity
of adsorption method to obtain a high performance of wastewater
treatment without any need to complicated processes as well as
being selective for heavy metals are some of the advantages of
this method [4] . Adsorption method using activated carbon and
agricultural waste has the advantages of being cost-effective and
efficient for removal of heavy metals from wastewaters. Activated
carbons from biological materials are considered as efficient ad-
sorbents due to their low cost and high adsorption capacity that is
related to their high lingo-cellulosic contents [7] . In spite of these
advantages, activated carbons are not easily separated from aque-
ous media; therefore, create secondary pollution. Using magnetic
adsorbent is considered as an efficient method to easily separate
them from aqueous phase by a simple magnetic field [8] . Magnetic
adsorbents have been utilized in recent decades for the removal of
metal ions, dyes and other molecules from water and wastewater
because of having some features such as large surface area, large
adsorption capacity, easy and rapid separation, reusable and favor-
able magnetic properties [9–13] . Immobilization technology along
with the combination of adsorption and magnetic separation tech-
niques can improve some features that mentioned above [14–17] . 
Myrtus Communis , commonly known as myrtle, is an evergreen
shrub belonging to the Myrtaceae family that grows wild around
the Mediterranean region. Its leaves are pleasantly scented, making
it valuable for the perfume industry. It has white star-like delicate
flowers and the fruit is a round, dark-blue berry containing the
seeds. Many medicinal and nutraceutical properties have been
attributed to myrtle, which has been used since ancient times in
folk medicine. It is traditionally used as an antiseptic and wound-
healing, disinfectant, hypoglycemic agent, with anti-hemorrhagic,
antimicrobial and antioxidant properties [18] . It is also used in the
food industries such as for flavoring meat and sauces, and in the
cosmetic industries [19] . Ghaedi et al. used its activated carbon
as an efficient adsorbent for congo red removal from aqueous
solution [20] . 
Modeling is a valuable tool to assess effective parameters in
various processes particularly the adsorption process. In fact, it not
only helps in better understanding of the process procedure, but
can also simulate the process with minimum experimental data.
In an adsorption process, the operational conditions usually follow
non-liner theoretical models. Therefore, the complex relationships
between input and output parameters can be solved by means of
non-liner methods known as computational intelligence methods
[21] . The most reliable and powerful computational intelligence
techniques include knowledge-based systems, neural networks,
genetic algorithms, and fuzzy logic, which have attracted great
attention as effective methods for environmental applications.
In recent years, the prediction of adsorption processes has been
conducted by various models such as artificial neural networks
(ANN) [22] , adaptive neuro-fuzzy inference system (ANFIS) [23] ,
least squares support vector machines (LS-SVM) [24] , random
forest (RF) [25] , response surface methodology (RSM) [26] , genetic
algorithm (GA) [27] , and fuzzy inference system (FIS) [28] . 
Among the aforementioned models, fuzzy logic model intro-
duced by Zadeh [29] is known as a suitable technique to develop
environmental indices. It has a strong capability to convey human
thoughts and experience in the form of indices, which can bePlease cite this article as: H. Javadian et al., Using fuzzy inference syste
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oth qualitative and quantitative variables can be precisely com-
uted. Basically, fuzzy inference system (FIS) as a reliable method
roduces the results of an evaluation in the form of linguistic
erms, which are comprehensible for managers, decision makers
nd non-experts [30] . There are few numbers of reported studies
hat used fuzzy logic (FL) approach to predict the uptake rate of
eavy metals [31] . Rahmanian et al. [32] applied fuzzy logic model
o predict Cr (VI) removal efficiency using micellar-enhanced
ltrafiltration (MEUF). These studies clearly approve the applica-
ility of fuzzy logic technique in different environmental matters
articularly in the prediction of adsorption behavior. 
In this research, Myrtus Communis leaves were chosen as cost-
ffectiveness source for the production of the M-AC. Then, the
M-AC nanocomposite was successfully produced by the immobi-
ization of the Fe 3 O 4 on the prepared activated carbon. According
o our investigations, there have been no investigations of iron
xide magnetic nanoparticles (MNPs) immobilization on Myrtus
ommunis leaves activated carbon . FE-SEM and FT-IR techniques
ere applied to analyze the surface properties of the MM-AC. The
dsorbent was tested for Pb (II) removal from aqueous solution.
n addition, the kinetic and isotherm parameters were evaluated.
 rule-based Mamdani type of fuzzy inference system was devel-
ped to predict Pb (II) removal efficiency. The proposed artificial
ntelligence-based model was validated using comparison between
he fuzzy and experimental data under liner regression. Also, the
nfluences of four input variables including pH, contact time (min),
dsorbent dosage (g), and initial concentration of Pb (II) (mg/L) on
b (II) removal efficiency were evaluated and the importance of
ach parameter was determined by sensitivity analysis. 
. Materials and methods 
.1. Reagents and instruments 
Ferrous chloride tetrahydrate (FeCl 2 •4H 2 O), ferric chloride
exahydrate (FeCl 3 •6H 2 O), sodium hydroxide (NaOH), hydrochloric
cid (HCl) and nitric acid (HNO 3 ) and sulfuric acid (H 2 SO 4 ) were
urchased from Sigma-Aldrich (St. Louis, MO, USA). The analytical
rade of lead nitrate hexahydrate (Pb (NO 3 ) 2 •6H 2 O, Merck Ltd,
9% purity) was employed to prepare a stock solution containing
0 0 0 mg/L of Pb (II). The stock solution was diluted with deionized
ater to supply the desired concentrations of Pb (II). The pH of
he solutions was adjusted using 0.1 M HNO 3 or 0.1 M NaOH. The
E-SEM (Model S4160, Hitachi, Japan) under a voltage of 20 kV and
he FT-IR spectrometer (8400 s, Shimadzu, Japan) in the wavenum-
er range 40 0 0–40 0 cm −1 were used for the characterization of
he products. The Flame Atomic Absorption Spectrometer (GBC,
ensAA Dual, Australia) with a lead hallow cathode lamp at the
avelength of 283.3 nm was used to monitor lead concentration
n the solutions. 
.2. Preparation of MM-AC 
.2.1. Preparation of Myrtus Communis leaves activated carbon 
M-AC) 
At first, the collected Myrtus Communis leaves (Raw M) from
ermanshah were boiled in deionized water for 2 h to remove the
ater soluble phenolic and other organic compounds [20] . Then,
hey were washed several times with deionized water and dried
t 110 °C in an air oven for 16 h to evaporate the moisture. After-
ards, they were crushed and sieved (40–60 mesh). Subsequently,
0 g of the sieved sample was taken into a 1 L beaker containing
0 g of concentrated sulfuric acid solution (weight ratio of 1:1).
he mixture was dried at 110 °C in an air oven. The sulfuricm to predict Pb (II) removal from aqueous solutions by magnetic 
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i  cid-treated Myrtus Communis was placed in the ceramic crucibles
nd kept in the furnace. Then, the temperature of the furnace was
ncreased under N 2 gas from room temperature to 400 °C with a
etention time of 3 h. Finally, M-AC was washed with deionized
ater several times and the neutralized sample was dried in an
ir oven at 100 °C. 
.2.2. Preparation of MM-AC 
The MM-AC was prepared by co-precipitation method by the
ollowing procedure: 100 mL solution consisting of FeCl 3 •6H 2 O
nd FeCl 2 •4H 2 O with the molar ratio of 2:1 along with 10 g of
-AC was stirred magnetically. Subsequently, 50 mL of sodium
ydroxide (0.5 M) was added dropwise to the mixture under N 2 
as until the pH value reached to 11. This mixture was agitated for
0 min, and the composite was separated via centrifugation. Then,
t was washed with deionized water and dried at 50 °C for 24 h in
n air oven. Finally, it was heated at 200 °C for 4 h under N 2 gas. 
.3. Batch adsorption experiments 
In order to investigate Pb (II) removal from aqueous solution,
he experiments were performed in the 250 mL beakers containing
 certain amount of the MM-AC with a given Pb (II) concentration
nd pH value by stirring at 350 rpm at room temperature (298 K).
or the batch adsorption tests, the variables were investigated in
he pH range of 1–7, the contact time of 1, 3, 6, 9, 12, 15, 20, 30,
0, 80 and 120 min, the MM-AC dosage of 0.0 01, 0.0 05, 0.01, 0.015
nd 0.02 g, and the Pb (II) initial concentration of 30, 50, 70, 100,
50, 200, 300, and 400 mg/L. 
After ending the contact time, the adsorbent was separated by
 magnetic field and then, the residual Pb (II) in the solution was
nalyzed by the atomic absorption spectrometer. 
The adsorption capacity and Pb (II) removal efficiency by the
M-AC were calculated by the following equations: 
 e = C 0 − C e 
m 
× V (1) 
 Re mov al = C 0 − C e 
C 0 
× 100 (2)
here, C 0 and C e (mg/L) represent the concentrations of Pb (II) at
nitial and a given time t, V is the volume of the solution and m
he dosage of the MM-AC. 
.4. Desorption and regeneration study 
Desorption and regeneration study is a key factor that is
eeded to be performed to make the adsorption process more
conomical. For desorption experiments, 0.1 M HCl was used. To
how the reusability of the adsorbent, adsorption–desorption cycle
as repeated five times under the same conditions. 
.5. Kinetics studies 
Normally, adsorption kinetics describe the solute uptake rate
t the solid-solution interface and evidently provide information
bout the reaction pathways and mechanisms. The kinetics of
b (II) adsorption onto MM-AC were analyzed using pseudo-
rst-order [33,34] , pseudo-second-order [35] and intra-particle
iffusion [36] models. The conformity between the experimental
ata and the values predicted by the models was expressed by
oefficient of determination ( R 2 ) [33] . Please cite this article as: H. Javadian et al., Using fuzzy inference syste
Fe 3 O 4 /H 2 SO 4 -activated Myrtus Communis leaves carbon nanocomposite
https://doi.org/10.1016/j.jtice.2018.06.021 .6. Adsorption isotherm 
The analysis of isotherm data is important to develop an equa-
ion that accurately represents the results to design adsorption
rocess. In order to investigate the adsorption isotherm, four
quilibrium models were applied. Langmuir [37] and Freundlich
33] isotherms were used as the most two-parameter models.
emkin [38] and Dubinin-Radushkevich [4] isotherms were used
or determination of the energy of Pb (II) adsorption. 
.7. Fuzzy logic theory 
Fuzzy logic is known as an alternative and applicable method
or developing both linear and nonlinear relationships between
nput-output variables. In industrial scale, fuzzy logic model pro-
ides accurate predictions that lead to the reduction of operational
osts, better performance of units and ultimately high level of
uality in products. Fuzzy logic model follows fuzzy set theory
efined based on uncertain reasoning instead of accurate deduc-
ion of classic predicate. In fact, the strength of fuzzy logic is in
he emulation of human mind and using approximate modes of
easoning. Making decision in fuzzy logic, as a soft computing
ethod, is along with tolerance and perception because the map-
ing rules are determined in the form of terms (words) instead
f numbers. One of the benefits associated with fuzzy logic is the
odeling of various systems with multiple input-output variables.
adeh [29] introduced the fuzzy logic term for the first time
nd represented mathematic relationships in fuzzy set theory,
hich clearly confirmed the existence of a third region apart from
rue and False. The approximate reasoning of fuzzy technique is
btained from the expert knowledge transforming to fuzzy rules
ormat. These fuzzy rules are converted to mathematic equivalents
y fuzzy systems. This transformation not only helps to better
nderstanding of the procedure, but also leads to precise and real
utcomes of a model. Therefore, the decision support systems of a
uzzy logic model have powerful reasoning capabilities for dealing
ith the conditions that are inherently imprecise [39] . 
The simplicity and flexibility of fuzzy logic model makes it
o one of the most suitable tools in the field of prediction. As
hown in Fig. 1 , each fuzzy inference system (FIS) contains four
undamental units including fuzzification unit, knowledge base
nit that is composed of data base and rule base, inference engine
nit, and defuzzification unit. The two major approaches of fuzzy
nference system are Mamdani and Sugeno methods that can be
pplied for various purposes like control and prediction [40,41] . In
oth approaches, the main procedure is the same as fuzzification,
nference and defuzzificiation, but there are some differences
etween Mamdani and Sugeno approaches in defuzzification part.
n the Sugeno approach, the outcome of each IF-THEN rule is a
calar that is either constant or a liner function for output vari-
ble, and defuzzification procedure is accomplished by calculating
he weighted average of the rule outcome. On the other hand,
he result of every IF-THEN rule in the Mamdani method is the
roduction of a fuzzy set for the output variable which can easily
erge the linguistic information into model. Furthermore, the
xistence of defuzzification step is essential for achieving crisp
alues of the output variable. Mamdani models are known as more
ppropriate approaches for modeling qualitative information; thus,
t was applied in this study. The most significant concepts of
uzzy inference process are the membership functions, fuzzy set
perations and inference rules that are explained extensively in
he following sections. 
.7.1. Membership functions 
A fuzzy set is a format of a crisp set where a character-
stic function μ (x) is defined based on the membership orA 
m to predict Pb (II) removal from aqueous solutions by magnetic 
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F  non-membership of element x in set A. 
μA (x ) = 1 i f x ∈ A, μA (x ) = 0 i f x / ∈ A (3)
This concept was extended using the definition of partial
membership in fuzzy set theory. It states that a fuzzy set A as a
set of ordered pairs is a subset of the universe of discourse X that
is described by a membership function μA (x) with values in the
range between 0 and 1. 
A = { (x, μA (x )) | x ∈ X } 0 ≤ μA (x ) = 1 (4)
where x belongs to X and μA (x) is the membership function
of x in fuzzy set A. Basically, a membership function is a curve
that characterizes how every point in the input space (universe
of discourse) is plotted versus output-axis (membership value
μ) between 0 and 1. In the other words, the amounts of each
variable is expressed by the membership functions of a fuzzy
set in the form of general linguistic labels such as “Very Low”,
“Low”, “Medium”, “High”, “Very High”, etc. One of the benefits of
fuzzy inference system is that the membership of a determined
element can be present simultaneously in several fuzzy sets. There
are different types of membership functions such as triangular,
trapezoidal, generalized bell shaped, Gaussian curves, polynomial
curves, and sigmoid functions [42] . The most important factors
for determining the shape of a membership function are expert
knowledge and expected accuracy of designer from fuzzy results.
For this purpose, some usable methods like fuzzy clustering,
neural networks and genetic algorithms are also introduced. 
2.7.2. Fuzzy set operations 
Fuzzy set operators are responsible for determining the rela-
tionships between fuzzy subsets. The fuzzy logic operators are
considered as crisp set operators whose allocated fuzzy values;
1 (True) or 0 (False), follow their equations. In order to develop
various rule-based fuzzy logic systems, there are multiple fuzzy
set operators used for managing the essence of fuzzy logic. The
standard fuzzy set operations are union (OR), intersection (AND),
and negation (NOT). If there are two fuzzy sets A and B as the
subsets of universe X, for a given element x belonging to X, the
fuzzy set operators are defined by the following equations: 
( Intersection , AND ) : μA ∩ B (x ) = μA (x ) ∩ μB (x ) 
= min ( μA (x ) , μB (x )) (5)
( Union , OR ) : μA ∪ B (x ) = μA (x ) ∪ μB (x ) = max ( μA (x ) , μB (x )) (6)
( Negation , NOT ) : μA (x ) = 1 − μA (x ) (7)
The aforementioned operators are known as the basic operators
in a fuzzy inference system. The aggregation process is carried outPlease cite this article as: H. Javadian et al., Using fuzzy inference syste
Fe 3 O 4 /H 2 SO 4 -activated Myrtus Communis leaves carbon nanocomposit
https://doi.org/10.1016/j.jtice.2018.06.021 sing these operators and the desired results are obtained in most
f the times [39] . 
.7.3. Inference rules 
Inference rules, as the third concept, play a significant role
n fuzzy inference systems. They define the relationship between
uzzy subsets of inputs and outputs using IF-THEN rules which
eads to the production of a new output subset. The general format
f an IF-THEN rule is as follows: 
ul e (i) : If X is A i and Y is B i , . . . then Z is C i , . . ., i = 1 . . . n (8)
here A i , B i , and C i are defined as the linguistic variables of fuzzy
ets in the universes of discourse X , Y and Z, respectively. As
xhibited above, every rule has two parts; if- part (antecedent
r premise) and then- part (consequent or conclusion), each of
hich can be composed of several sections. Therefore, there are
wo steps with distinct interpretations for each IF-THEN rule. In
he first step, an antecedent is evaluated and the input is fuzzified
sing specified fuzzy operators and then (the second step; impli-
ation), the outcomes of antecedent is applied to the consequent
nd as a result, the membership function is essentially examined. 
. Results and discussion 
.1. Characterization of the synthesized materials 
Fig. 2 a–c show the FE-SEM images of the Raw M, M-AC and
M-AC in different magnifications. It can be seen from Fig. 2 a that
he leaf has a smooth surface without any porosity. Fig. 2 b shows
hat acid sulfuric activation process created porous surface with
he holes in different sizes that can be used for Pb (II) adsorption.
n Fig. 2 c, the Fe 3 O 4 particles completely covered the M-AC surface
hat is roughly spherical in shape and uniform in distribution.
s shown in Fig. 2 c, the Fe 3 O 4 nanoparticles are about 54 nm in
iameter. Fig. 2 d shows that the morphology of the MM-AC is
hanged by Pb (II) adsorption. 
The FT-IR spectra of the Raw M and M-AC are given in Fig. 3 .
ig. 3 a indicates that the Raw M has several absorption peaks. The
eak around 3440 cm −1 is attributed to C–OH groups. The two
eaks at 2854 ( υs C–H) and 2931 cm −1 ( υa C–H) are related to
tretching vibration of C–H. The peak at 2360 cm −1 is assigned to
 
–H bond. The peak around 1643 cm −1 is assigned to an aromatic
arbon or carboxyl groups. The intense peak at 1049 cm −1 is
elated to alcohol groups (R–OH). After activation process, the two
ew peaks at 678 and 617 cm −1 are assigned to out of plane N –H
nd C–S groups, respectively ( Fig. 3 b) [43] . The FT-IR spectrum
f MM-AC is shown in Fig. 3 c. The intense peak at 1164 cm −1 is
ttributed to C –OH stretching. The presence of peak at 577 cm −1 
onfirms that the Fe 3 O 4 particles were coated on M-AC [44] . In
ig. 3 d, the changes in the intensity of the peaks show that am to predict Pb (II) removal from aqueous solutions by magnetic 
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inding process was taken place on the surface of the MM-AC
fter Pb (II) adsorption. Table 1 shows the wavenumbers for the
ifferent functional groups presenting in the Raw M, M-AC and
M-AC and Pb (II)-MM-AC. 
.2. Effects of pH and adsorbent dosage 
The effect of pH on the removal efficiency and uptake ( q e ) of
b (II) was investigated in the range of 1–7. As shown in Fig. 4 a,
he removal efficiency and uptake of Pb (II) significantly increases
y changing pH value in the range of 1–5. By increasing pH value
rom 1 to 5, Pb (II) removal efficiency increases from 5.33 toPlease cite this article as: H. Javadian et al., Using fuzzy inference syste
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https://doi.org/10.1016/j.jtice.2018.06.021 9.11%. Similarly, the Pb (II) adsorption capacity increases from 15
o 250.50 mg/g by increasing pH value from 1 to 5. The low uptake
f Pb (II) is observed at lower pH value that can be attributed
o the large quantities of protons competing with Pb (II) ions for
he adsorption sites. This can be explained that by increasing pH
alue, more positively charged Pb (II) ions are adsorbed by free
inding sites due to a larger portion of dissociation of protons
rom functional groups, resulting in the promotion of adsorption
apacity [16] . At pH = 5, the maximum Pb (II) removal efficiency
f 89.11% by the MM-AC is obtained that can be attributed to
he available lead species at pH = 5; therefore, it can be adsorbed
y the available sites on the MM-AC surface. Thus, pH = 5 was
onsidered as an optimum value for further studies. m to predict Pb (II) removal from aqueous solutions by magnetic 
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Table 1 
Wavenumbers (cm −1 ) for the peaks from FT-IR spectroscopy. 
Functional groups Raw M M-AC MM-AC Pb (II)–MM-AC 
C–OH group 3471 3440 3417 3425 
Stretching vibration of C–H 2923, 2877 2931, 2854 2931, 2854 2923, 2854 
N–H bond 2360 2360 – –
Aliphatic acid – 1743 1720 1712 
C = O stretching 
Aromatic carbon or carboxyl groups 1604 1643 1627 1620 
O–H bending – – 1388 1388 
C–H bending – 1164 – –
C–OH stretching 1049 – – –
Fe–O groups – – 577 577 
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https://doi.org/10.1016/j.jtice.2018.06.021 Adsorbent dosage is a key parameter in the determination
f removal efficiency and adsorption capacity. As the adsorbent
osage is increased, the available adsorbent sites are also in-
reased; consequently, a better adsorption takes place [45] . In this
tudy, the adsorbent dosage was increased from 1 to 20 mg, while
H, contact time and Pb (II) concentration were kept at a constant
alue. The effect of the MM-AC dosage on the removal efficiency
nd uptake of Pb (II) from aqueous solution is shown in Fig. 4 b.
ig. 4 b shows an increase in the removal efficiency from 54.3
o 89.11% by increasing the adsorbent dosage from 1 to 20 mg.
his result can be attributed to the fact that by increasing the
dsorbent dosage, the density of the available reactive groups on
he surface of the adsorbent for metal binding increases. According
o Fig. 4 b, the adsorption capacity decreases by increasing the
dsorbent dosage. As the adsorbent dosage increases from 1 to
0 mg, decreasing in Pb (II) adsorption capacity from 1629 mg/g to
33.57 mg/g is observed. The decrease in adsorption capacity may
e due to the interference existed between the binding sites and
dsorbent, or the insufficiency of Pb (II) ions in the solution with
espect to available binding sites [16] . 
.3. Effect of contact time 
The effect of contact time on the removal efficiency and uptake
f Pb (II) from aqueous solution onto the MM-AC is shown in
ig. 4 c. It is observed that by increasing contact time from 1 to
20 min, the adsorption capacity of Pb (II) increases from 337.75
o 412.75 mg/g. More than 60% of Pb (II) is adsorbed within 1 min;
ccordingly, it can be mentioned that the removal efficiency and
ptake of Pb (II) is rapid at the beginning of the adsorption
rocess due to a large number of active sites being available on
he adsorbent surface for Pb (II) adsorption [46] . 
.4. Kinetic studies 
The obtained data from adsorption of Pb (II) onto the MM-
C were fitted to pseudo-first-order, pseudo-second-order, and
ntra-particle diffusion and the results are summarized in Table 2 .
ccording to Table 2 , it is evident that coefficient of determination
 R 2 ) value obtained by pseudo-first-order model (0.711) is small,
nd the experimental q e value is not in agreement with the
alculated value. As can be seen from Table 2 , for Pb (II) adsorp-
ion onto the MM-AC, the obtained coefficient of determination
 R 2 ) value by pseudo-second-order model is higher than that
f pseudo-first-order model. Furthermore, the q e values indicate
 good agreement between the experimental and calculated q e 
alues. Thus, pseudo-second-order model is appropriate for pre-
icting the adsorption process. The coefficient of determination
 R 2 ) of intra-particle diffusion is 0.89, suggesting that two or more
teps are involved in Pb (II) adsorption onto the MM-AC. The low
alues of R 2 obtained from pseudo-first-order and intra-particlem to predict Pb (II) removal from aqueous solutions by magnetic 
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Fig. 4. (a) Effect of (a) pH, (b) adsorbent dosage, (c) contact time and (d) initial concentration on Pb (II) adsorption by the MM-AC. 
Table 2 
Adsorption kinetics of Pb (II) onto the MM-AC. 
Model Parameter Initial concentration (mg/L) 
100 
Pseudo-first-order q e (exp) (mg/g) 419 
log ( q e −−q t ) = log q e − − ( k 1 2 . 303 ) t q e (mg/g) 77.037 
k 1 (min 
-1 ) 0.024 
R 2 0.711 






k 2 q 
2 
e 
q e (mg/g) 416.66 
k 2 (g/mg.min) 0.002 
h = k 2 q 2 e (initial adsorption rate) 347.21 
R 2 0.999 
Intra-particle diffusion K i (mg/g.min) 6.938 
q t = k i t 0.5 + c C (mg/g) 347.4 
































o  iffusion models indicate the unsuitability of these models for
redicting the adsorption of Pb (II) onto the MM-AC. 
.5. Effect of initial concentration 
The effect of Pb (II) initial concentration on its removal ef-
ciency is shown in Fig. 4 d. The removal efficiency of Pb (II)
ecreases by increasing its initial concentration. When the con-
entration of Pb (II) is lower than 100 mg/L, the removal efficiency
s about 98% due to a large surface area of MM-AC being available
or Pb (II) adsorption. The removal efficiency of Pb (II) decreases
rom 87 to 40% by increasing initial concentration from 100 to
00 mg/L. The removal efficiency is low at higher concentration of
b (II) due to the lower available adsorption sites in comparison
ith the number of Pb (II) ions. In this study, the performance of
he MM-AC was evaluated by its maximum adsorption capacity.
he adsorption capacity of the MM-AC changes from 88.65 to
80.90 mg/g by increasing Pb (II) initial concentration from 100Please cite this article as: H. Javadian et al., Using fuzzy inference syste
Fe 3 O 4 /H 2 SO 4 -activated Myrtus Communis leaves carbon nanocomposite
https://doi.org/10.1016/j.jtice.2018.06.021 o 400 mg/L. The higher initial concentration of Pb (II) provides
 driving force to overcome the mass transfer resistance between
he aqueous and solid phases [33] . 
.6. Adsorption isotherms 
The parameters obtained from fitting the data to Langmuir, Fre-
ndlich, Temkin and Dubinin-Radushkevich isotherm models are
hown in Table 3 . According to Table 3 , the best fit is obtained by
angmuir Type 1 ( R 2 = 0.991) in comparison with its other models.
he maximum monolayer capacity of Pb (II) adsorption onto the
M-AC obtained by Langmuir Type 1, Type 2, Type 3 and Type 4
re 500.0, 416.6, 408.3 and 258.5 mg/g, respectively. The R L value
ndicates the adsorption nature to be either unfavorable ( R L > 1),
inear ( R L = 1), favorable (0 〈 R L < 1) and irreversible ( R L = 0). The
 L values in Table 3 are in the range of 0–1, indicating a favorable
sotherm shape for Pb (II) adsorption onto the MM-AC. A value
f n > 1 indicates that adsorption is favorable [38] . The value of nm to predict Pb (II) removal from aqueous solutions by magnetic 
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Table 3 
Adsorption isotherms of Pb (II) ions onto the MM-AC. 
Model Parameter Value 
Langmuir Type 1 K L (L/mg) 0.141 




b K L 
+ C e 
b 
b (mg/g) 500 
R 2 0.991 
R L 0.074 
Type 2 K L (L/mg) 0.685 
1 
q e 
= ( 1 





b (mg/g) 416.66 
R 2 0.927 
R L 0.016 
Type 3 K L (L/mg) 0.797 
q e = b − ( 1 K L ) 
q e 
C e 
b (mg/g) 408.34 
R 2 0.723 
R L = 1 1+ K L C o 0.014 
Type 4 K L (L/mg) 0.576 
q e 
C e 
= K L b − K L q e b (mg/g) 258.5 
R 2 0.723 
R L 0.019 
Freundlich K f 150.072 
log q e = log K f + 1 n log C e 1/ n 0.230 
n 4.347 
R 2 0.902 
Temkin A 14.882 
q e = B ln A + B ln C e B = RT b T 59.052 
B ln A 159.45 
R 2 0.934 
Dubinin–Radushkevich K D 0.181 
ln q e = ln q m − K D ε2 q m 382.412 
ε = RT ln ( 1 + 1 
C e 
) E = 1 √ 
2 K D 
1.662 











































































t  is 4.347, showing that there is a strong interaction between the
MM-AC and Pb (II). The value of E < 8 kJ/mol describes physical
adsorption and the value of E between 8 and 16 kJ/mol is related
to chemical ion-exchange [47] . The low E value clearly indicates
that Pb (II) adsorption onto the MM-AC is mainly through physical
adsorption. Among all isotherm models, Langmuir Type 1 shows
the highest coefficient of determination ( R 2 ) value, suggesting
the monolayer coverage of Pb (II) and its adsorption at specific
available homogeneous sites on the surface of the MM-AC. The R 2 
values of 0.90, 0.93 and 0.88 obtained from fitting the data to Fre-
undlich, Temkin and Dubinin–Radushkevich models, respectively,
indicate that these models are not suitable for predicting Pb (II)
adsorption onto the MM-AC. 
Generally, oxygen-containing functional groups can strengthen
the interactions between adsorbents and adsorbate by forming
surface complexes, cation- π bonding, electrostatic attraction
and/or ion exchange, resulting in faster adsorption rate and higher
adsorption ability [48–51] . The enhanced adsorption of Pb (II)
by the MM-AC allows us to propose the following mechanism
shown in Scheme 1 to explain the latitude of this material for
metal chelation via the partial negative charges of oxygen atoms.
Although this mechanism allows us to visualize the possible chem-
ical interactions, which makes the prepared magnetic composite
as an efficient adsorbent for Pb (II) removal, there can be other
kinds of interaction mechanisms. 
3.7. Desorption and regeneration study 
The desorption and regeneration of the MM-AC were per-
formed five times to investigate its reusability, and the results are
shown in Fig. 5 . It is evident that after five consecuti ve cycles,
Pb (II) removal efficiency decreases from 87.30 to 81.55% and its
desorption efficiency decreases from 86.48 to 75.30%. The results
show that the MM-AC can be efficiently utilized several times for
Pb (II) removal. Please cite this article as: H. Javadian et al., Using fuzzy inference syste
Fe 3 O 4 /H 2 SO 4 -activated Myrtus Communis leaves carbon nanocomposit
https://doi.org/10.1016/j.jtice.2018.06.021 .8. Comparison of the MM-AC with the adsorbents reported in the 
iteratures 
The maximum monolayer adsorption capacity of the MM-AC
as compared with some adsorbents used for Pb (II) removal. The
eported results in Table 4 show that the maximum monolayer
dsorption capacity of the MM-AC is greater than that of other
dsorbents; thus, it can be mentioned that MM-AC has a great
otential for Pb (II) removal from aqueous solutions. 
.9. Development of fuzzy model 
The rule-based fuzzy logic model was developed to predict
b (II) removal efficiency from aqueous solutions by the MM-AC.
he model was designed based on evaluated parameters in actual
onditions of the experiments. Four input variables including
H, adsorbent dosage (g), contact time (min) and Pb (II) initial
oncentration (mg/L) were defined for the model in the ranges of
0,8], [0,20], [0,120] and [0,400], respectively. On the other hand,
b (II) removal efficiency was the only output variable determined
n the range of [0, 100]. Eight fuzzy sets (VVL, VL, L, M, MH, H,
H, VVH) namely “very very low”, “very low”, “low”, “medium”,
medium high”, “high”, “very high” and “very very high” were
elected for input variables (pH, D , t , C ). Also, multiple mem-
ership functions (VL, L, LM, M, M(1), MH, MH(1), H, VH, VVH)
amely “very low”, “low”, “low medium”, “medium”, “medium
ne”, “medium high”, “medium high one”, “high”, “very high” and
very very high” were considered for removal efficiency as output
ariable. Trapezoidal and triangular membership functions were
pplied to define these fuzzy sets ( Fig. 6 a). Use of these two types
f membership functions provides less computation time rather
han other types. In addition, they can work very well particularly
n a system with several fuzzy sets with 15% to 25% overlap of
djacent sets [55] . The trapezoidal curves rely on four parameters
 a , b , c , d ), while the triangular curves work with three parameters
 a , b , c ) as demonstrated in the following equations: 
f ( x, a, b, c, d ) = 
⎧ ⎪ ⎪ ⎪ ⎨ 
⎪ ⎪ ⎪ ⎩ 
0 x < a 
x −a 
b−a a ≤ x < b 
1 b ≤ x < c 
d−x 
d−c c ≤ x < d 
0 d ≤ x 
⎫ ⎪ ⎪ ⎪ ⎬ 
⎪ ⎪ ⎪ ⎭ 
(9)
f ( x, a, b, c ) = 
⎧ ⎪ ⎪ ⎨ 
⎪ ⎪ ⎩ 
0 x ≤ a 
or 
x ≥ c 
x −a 
b−a a ≤ x ≤ b 
c−x 
c−b b ≤ x ≤ c 
⎫ ⎪ ⎪ ⎬ 
⎪ ⎪ ⎭ (10)
he compact forms of above functions are presented below. In
rapezoidal membership functions, b and c are located at the “top”
f trapezoid, while a and d are set at the “bottom”. Also, a and
 in triangular membership functions are at the “feet” of triangle
nd b is at the “peak”. 
rapezoidal : f (x, a, b, c, d) = max ( min 
(
x − a 
b − a , 1 , 
d − x 




riangular : f (x, a, b, c) = max ( min 
(
x − a 
b − a , 
c − x 
c − b 
)
, 0) (12)
.9.1. Fuzzy model mechanism 
The Mamdani type of fuzzy inference system (FIS) employed in
his study follows a four-step mechanism consisting of fuzzifica-
ion of the input variables, rule evaluation, aggregation of the rulem to predict Pb (II) removal from aqueous solutions by magnetic 
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Scheme 1. Proposed mechanism of Pb (II) adsorption onto the MM-AC. 
Table 4 
Comparison of the maximum monolayer adsorption (b) of Pb (II) onto various adsorbents. 
Adsorbent b (mg/g) Ref. 
Magnetite nanoparticles 3.44 [9] 
Polymer-modified magnetic nanoparticles 166.1 [12] 
Iron oxide nanoparticles immobilized Phanerochaete chrysosporium 176.33 [13] 
Nano zerovalent iron nanoparticles graphene composite 585.5 [15] 
Iron oxide nanoparticles immobilization of Phanerochaete chrysosporium 185.25 [16] 
Chitosan/magnetite nanocomposite beads 63.33 [17] 
Magnetic alginate beads based on maghemite nanoparticles 50 [52] 
Amino-functionalized magnetic nano adsorbent 40.10 [53] 
Fe 3 O 4 @SiO 2 –NH 2 nanoparticles 361.01 [54] 
MM-AC 500 This study 





































utputs, and defuzzification. After establishing the rules based on
xpert knowledge, the vectors of input-output are mapped by the
uzzy inference system ( Fig. 6 b). In the first step, the fuzzifuier
akes crisp inputs (numbers) and determines their degree using
he selected membership functions for finding appropriate fuzzy
ets corresponding to input values. The next step is rule evaluation
n which the fuzzified inputs are applied as the antecedents of the
uzzy rules. If a fuzzy rule has several antecedents (more than one
lause), the antecedents are evaluated using fuzzy operators (AND,
R and NOT) and consequently, a single number is produced. ThisPlease cite this article as: H. Javadian et al., Using fuzzy inference syste
Fe 3 O 4 /H 2 SO 4 -activated Myrtus Communis leaves carbon nanocomposite
https://doi.org/10.1016/j.jtice.2018.06.021 umber (the True value), as a result of antecedent, is then applied
o the consequent membership function. The third step is the
ggregation process where the membership functions of all rule
onsequences are combined into one fuzzy set and thereafter, an
verall output is produced ( Fig. 6 c). Fuzzy model uses common
nference methods such as the max-min method, the max-product
ethod and the sum-product in aggregation and implication
perations. The fuzzy aggregation operator is donated by either
ax or sum, while implication operator is exhibited by either min
r prod [56] . The max-min inference method used in this study
ppropriately computed the fuzzy relations and provided good and
xpressive setting for constraint propagation. In this step, input
ariables including the list of membership functions are entered
o aggregation process and the result is the generation of a single
uzzy set for every output variable. The aggregated outputs of the
uzzy set enter the defuzzification process (final step) and then,
he defuzzifier converts them to a crisp number. Therefore, the
btained output of a fuzzy inference system is a single number.
here are multiple defuzzification methods including the cen-
roid, maximum, mean of maxima, height, and modified height
efuzzifier. Among them, the centroid technique is considered as
he most common method in which the center of gravity of the
ggregated fuzzy set is calculated and returned. The mathematical
quation of center of gravity (COG) is presented below: 
OG = ∫ μA (X ) · xd(x ) ∫ μA (X ) · dx 
(13) 
here, μ (x) is the membership function of x in fuzzy set A . A 
m to predict Pb (II) removal from aqueous solutions by magnetic 
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Fig. 6. (a) Membership functions of the input variables (pH, adsorbent dosage (g), contact time (min) and initial concentration of Pb(II) (mg/L)) and output (removal efficiency 




















































M  3.9.2. Analysis of proposed model 
Development of fuzzy logic model was efficiently carried out by
transferring expert knowledge to the model in the form of 18 fuzzy
IF-THEN rules and then, the developed model was applied to pre-
dict Pb (II) removal efficiency. As indicated in Fig. 7 , the obtained
fuzzy values of removal efficiency are plotted versus operating
variables in a 3D diagram. The three dimensional surfaces of fuzzy
rules show that increasing pH ( Fig. 7 a, b and f), contact time ( Fig.
7 a, c and d), and adsorbent dosage ( Fig. 7 b, c and e), increases Pb
(II) removal efficiency. At optimum pH, by increasing contact time
to 80 min, the values of removal efficiency are rapidly enhanced
and thereafter, its growth rate decreases. This phenomenon clearly
approves that the adsorption process is performed before 80 min
particularly in the first 50 min. In the case of adsorbent dosage,
it is obvious that by increasing this parameter, the removal effi-
ciency increases due to the more accessibility of the vacant sites
on the adsorbent surface. In contrast, by increasing the initial
concentration of Pb (II) ( Fig. 7 d, e and f), the predicted values of
removal efficiency decrease. The main reason for this reduction is
that in lower concentrations, the porous surface of the adsorbent
is saturated. As a result, the vacant sites on the adsorbent surface
for Pb (II) adsorption considerably decrease. In summary, the
maximum adsorption rate can be achieved under conditions of
optimum pH, higher contact time and adsorbent dosage and lower
initial concentration of Pb (II). As demonstrated in Fig. 7 , the
results of the developed model have a good agreement with the
experimental data, affirming that the fuzzy logic model has an
excellent performance in the prediction of the Pb (II) adsorption
process. Please cite this article as: H. Javadian et al., Using fuzzy inference syste
Fe 3 O 4 /H 2 SO 4 -activated Myrtus Communis leaves carbon nanocomposit
https://doi.org/10.1016/j.jtice.2018.06.021 .9.3. Response of fuzzy logic model 
In order to ascertain the response of fuzzy logic model, the
redicted values of Pb (II) removal efficiency were plotted versus
ach input variables using Matlab software. As demonstrated in
ig. 8 a, there is a small diversion between the predicted and
xperimental data in each plot which clearly confirms the high
ccuracy of the fuzzy model. Also, the model validation was con-
ucted using liner regression as presented in Fig. 8 b. According to
his figure, it can be observed that the rule-based model provides
 reasonably precise prediction except for a few data. The obtained
oefficient of determination ( R 2 > 0.99) proves that there is an
xcellent fitness between the predicted and experimental data.
n addition, their comparison is indicated in Fig. 8 c along with
he full information of input variables for each point (removal
fficiency). The performance of fuzzy model was verified using
ultiple important criteria comprising of mean squared normal-
zed error (MSE), root mean squared error (RMSE), average relative
rror (ARE), absolute average relative error (AARE), standard de-
iation (SD), and coefficient of determination ( R 2 ). Table 5 reports
he values of MSE, RMSE, ARE, AARE, SD and R 2 obtained by the
redicted fuzzy model. Results show that the proposed model
as a high capability in predicting Pb (II) removal efficiency. The
alculation of MSE, ARE, AARE, SD and R 2 was accomplished using
he following equations: 




( x Pb(I I ) ,pred − x Pb(I I ) ,exp ) 2 (14)m to predict Pb (II) removal from aqueous solutions by magnetic 
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Fig. 7. Three dimensional surfaces of fuzzy model rules for the prediction of Pb (II) removal efficiency (a) pH and contact time, (b) pH and adsorbent dosage, (c) contact 
time and adsorbent dosage, (d) contact time and concentration, (e) adsorbent dosage and concentration and (f) concentration and pH. 
Table 5 
MSE, RMSE, ARE, AARE, SD and R 2 for Pb(II) removal efficiency obtained by the fuzzy logic model. 
Response variable Method MSE RMSE % ARE % AARE % SD R 2 
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)2 (18) 
urthermore, the outcomes of several artificial intelligence tech-
iques modeled for predicting the removal efficiency of various
dsorbents were compared with the result of the proposed fuzzy
ogic model used in this study. The summery of information
onsisting of different adsorbents for the adsorption process, their
odeling methods, and the coefficient of determination is shown
n Table 6 . In comparison with other models, the developed statis-
ical model applied in this study shows an excellent performancePlease cite this article as: H. Javadian et al., Using fuzzy inference syste
Fe 3 O 4 /H 2 SO 4 -activated Myrtus Communis leaves carbon nanocomposite
https://doi.org/10.1016/j.jtice.2018.06.021 ith high accuracy in predicting Pb (II) removal efficiency. This
eveals that the proposed fuzzy logic model has a remarkable
bility in the identification of complex non-liner relationships
etween input-output variables in adsorption processes. 
.10. Sensitivity analysis 
The sensitivity analysis was employed in order to diagnose
he relative importance of each input variable on output variable
n the predicted fuzzy model. The rate of changes of each input
arameter in equal intervals of a given point was distinctly evalu-
ted using sensitivity analysis under constant conditions of other
nput variables. It is obvious that each input parameter affects on
he output parameter differently, because the rate of changes of
emoval efficiency at the determined point of each plot is differ-
nt. As exhibited in Fig. 8 d, the pH of aqueous solution has the
ighest impact on Pb (II) removal efficiency (approximately 51%).
he results of sensitivity analysis show that contact time ( ∼14%)
nd particularly adsorbent dosage ( ∼8%) have lower effects on Pb
II) removal efficiency compared to pH and Pb (II) initial concen-
ration. The main reason of this phenomenon could be inferred
rom the two-dimensional curves of each input variable versus
emoval efficiency. According to the plot of contact time versusm to predict Pb (II) removal from aqueous solutions by magnetic 
, Journal of the Taiwan Institute of Chemical Engineers (2018), 
12 H. Javadian et al. / Journal of the Taiwan Institute of Chemical Engineers 0 0 0 (2018) 1–14 
ARTICLE IN PRESS 
JID: JTICE [m5G; July 18, 2018;8:50 ] 
Fig. 8. (a) Response of fuzzy logic model (Pb(II) removal efficiency) related to (i) pH, (ii) adsorbent dosage (g × 10 −3 ), (iii) contact time (min) and (iv) initial concentration 
(mg/L), (b) validation of the proposed fuzzy model using liner regression of fuzzy data related to the experimental data for Pb(II) removal efficiency, (c) comparison between 
the experimental and fuzzy data for Pb(II) removal efficiency and (d) sensitivity of Pb(II) removal efficiency toward each input variable. 
Table 6 
Performance comparison of the prediction models reported in the literatures and the proposed fuzzy logic model for Pb(II) removal. 
Adsorbent Method Response variable Statistical index Ref. 
Active carbon (AC) ANN Pure and binary gas absorption R 2 = 0.997 [57] 
ZnS nanoparticle ANN-PSO BG dye removal R 2 ANN-PSO = 0.9610 [58] 
loaded on AC MLR R 2 MLR = 0.9231 
AC ANN SY dye removal R 2 = 0.998 [59] 
Cu nanowires ANN, MLR Malachite green R 2 ANN = 0.9658 [60] 
loaded on AC (MG) removal R 2 MLR = 0.8133 
AC RSM (CCD) 4-CP removal R 
2 = 0.949 [61] 
Fe 2 O 3 –ZnO–ZnFe 2 O 4 /carbon nano-composite RSM (CCD) BPB dye removal R 
2 
CCD = 0.9947 [62] 
SnS-NP-AC RF CR dye removal R 2 = 0.9793 [25] 
CuO–ZnO nano-composite (FCZN) GP DR23, DR80 and DR81 dyes removal R 2 DR23 = 0.9837 [63] 
R 2 DR80 = 0.9616 
R 2 DR81 = 0.9763 











removal efficiency, it can be observed that the adsorption process
is considerably performed at the beginning of the process i.e. the
first 50 min (steep slope) and then, the rate of adsorption de-
creases (mild slope). Also, the low importance of adsorbent dosage
compared to the other input variables can be interpreted using the
plot of adsorbent dosage versus removal efficiency. It shows that
e  
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han 0.005 g); thereafter, the rate of removal efficiency declines. 
.11. Possible applicability of the MM-AC in a full-scale operation 
There are two important factors including cheapness and
ffectiveness for the application of an adsorbent in a full-scale op-m to predict Pb (II) removal from aqueous solutions by magnetic 
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ration. As long as Myrtus Communis abundance and its properties
ave attracted the attention of the related industries, it is expected
hat a large amounts of waste material from Myrtus Communis to
e generated in the close future as a by-product after the pro-
esses like extraction process. The outcomes of this study clearly
emonstrated that the Myrtus Communis derived active carbon (M-
C) can be converted to an efficient adsorbent (MM-AC). Basically,
n efficient wastewater treatment unit in both pilot and industrial
cales is consisting of a series of successive separation operations
uch as electrocoagulation, flotation, adsorption, reverse osmosis,
tc. The adsorption step is one of the main parts of sequestration
rocess that is usually performed in two sub-parts including silica
and bed and active carbon filters. The high uptake capacity of an
dsorbent in the real operational conditions plays a significant role
n the whole process. This investigation showed that the MM-AC
fficiently removed Pb (II) from aqueous solutions by considering
 very low dosage (0.005 g) and appropriate adsorption time
80 min) at high Pb (II) initial concentration. These results are
ndicative that it can be utilized as an efficient and cost-effective
dsorbent in a full-scale operation. In addition, the adsorption
ehavior of the MM-AC was predicted by an artificial intelligence-
ased approach. The low deviation of the predicted data from the
xperimental data confirmed that the adsorption process of Pb
II) by the MM-AC is applicable in a large-scale operation. The ad-
orption capacity of the MM-AC was determined by the reusability
tudies to confirm its ability as a powerful adsorbent. The eval-
ations illustrated that the proposed adsorbent can effectively
emove Pb (II) from aqueous solution (up to 70%) after consecutive
dsorption-desorption cycles. The MM-AC can be used in an actual
astewater treatment unit like Scheme 2 to give satisfactory
esults such as obtaining higher removal efficiency, decreasing de-
endence on reverse osmosis (RO) step, increasing the lifetime of
C and RO filters, decreasing the operational costs, and ultimately
he production of cleared wastewater within a lower time. 
. Conclusions 
In this research, a magnetic nanocomposite consisting of the
e 3 O 4 nanoparticles immobilized on Myrtus Communis -derived
ctivated carbon (MM-AC) was synthesized and characterized by
E-SEM and FT-IR analytical methods. The created activated carbon
as porous with the holes in different sizes. The sizes of the Fe 3 O 4 
articles immobilized on the activated carbon were about 54 nm.
he changes in the peak intensities showed that the binding
rocess was occurred on the surface of the adsorbent. Different
actors such as solution pH, adsorbent dosage, contact time and
b (II) initial concentration were investigated, and more than 89%
f Pb (II) was removed at optimum conditions. The adsorption
inetic studies illustrated that the experimental data can be well
escribed by pseudo-second-order model. The equilibrium data
an be well fitted to Langmuir type 1 model, and the maximum
onolayer adsorption capacity of the MM-AC was obtained to bePlease cite this article as: H. Javadian et al., Using fuzzy inference syste
Fe 3 O 4 /H 2 SO 4 -activated Myrtus Communis leaves carbon nanocomposite
https://doi.org/10.1016/j.jtice.2018.06.021 00 mg/g. After five cycles of adsorption–desorption using 0.1 M
Cl, the removal efficiency decreased from 87.30 to 81.55%. In
ddition, Pb (II) removal efficiency by the adsorbent was predicted
ased on operational parameters examined in actual conditions
f the experiments. A Mamdani type of fuzzy inference system
as developed using 18 IF-THEN rules along with eight levels of
oth trapezoidal and triangular membership functions. The fuzzy
ogic model showed a highly accurate prediction with R 2 > 0.99.
or future studies, in order to achieve more precise results of both
redicted and experimental data, the effects of other important
nput variables such as rotation speed and volume of solution
hould be investigated. In addition, the combination of other
ypes of membership functions (MFs) can be applied in fuzzy
ogic subsets to obtain an accurate prediction of Pb (II) removal
fficiency. In summary, according to the assessments carried out
n both experimental and predicted data, the prepared magnetic
anocomposite can be considered as an effective adsorbent for Pb
II) removal from aqueous solutions. 
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